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Price et al to the lungs to achieve high local concentrations at the targeted site, thereby reducing the risk of adverse effects as compared with systemic therapy. 1 Effective inhaled therapies for the treatment of COPD include bronchodilators and corticosteroids, most commonly delivered using pressurized metered-dose inhalers and dry powder inhalers.
1,2 Effective treatment may be influenced by choice of inhaler device as specific device attributes may impact a patient's satisfaction and adherence with therapy. 3, 4 Due to the chronic nature of COPD, long-term self-administration of medications is paramount for preventing disease progression. Adherence is the extent to which health behavior reflects a health plan constructed and agreed to by the patient as a partner with a clinician in health care decision-making. 5 Adherence to medication is defined as successful initiation, implementation, and persistence to treatment and is fundamental in optimal disease management. 6, 7 Correct inhaler technique ensures that a full dose is received. Between 28% and 68% of patients use their inhalers incorrectly, 8 which may result in ineffective management of COPD. 9 There is increasing evidence that suggests correct inhaler technique is fundamental for effective therapy and that inhaler device type and mastery play important roles in improving adherence, clinical outcomes, health-related quality of life, and use of health care resources in patients with asthma and/or COPD. [10] [11] [12] A recently published study showed critical errors are associated with COPD exacerbations, and critical errors are more common with non-breath-actuated inhalers. 13 Poor inhaler technique, however, can significantly reduce effective delivery of the respirable fraction of the emitted dose that reaches the lungs. 10 Studies have shown that many patients are not confident that they are using their inhaler correctly. 9 Up to 94% of patients have demonstrated incorrect inhaler technique in clinical studies with either conventional pressurized metered-dose inhalers or dry powder inhalers. 1 Unfortunately, a large proportion of patients also lack effective training from health care professionals (HCPs) on proper use of an inhaler device, with evidence suggesting that 39%-67% of HCPs do not train their patients on the correct use of their inhalers.
14 Additionally, few patients are systematically checked at subsequent visits after the first prescription of an inhaler, 15 despite the Global Initiative for Chronic Obstructive Lung Disease guidelines suggesting that physicians regularly assess patients for correct device use. 16 HCPs cite patient satisfaction and ease of use as one of the most important attributes when selecting an inhaler device for patients, 17 and these attributes can also affect treatment adherence and effectiveness.
14 In fact, treatment adherence has been shown to be modestly associated with inhaler satisfaction, better health status, and less frequent COPD exacerbations, although other factors are also likely to be involved. 18 While patient satisfaction is important, correct inhaler technique is crucial as it can impact treatment outcomes. 17 The Real-life Experience and Accuracy of inhaLer use (REAL) survey was a computer-assisted, telephonic survey conducted in patients with COPD to gather real-world information on inhaler use, including information on the level of device training provided to the patients through to correct device use (adherence, correct dosing) and ease of use.
The 
Methods
The REAL survey was a 20-minute computer-assisted, telephonic survey consisting of 23 questions including (Table S1) physician or a pulmonologist, were using at least one of the 4 devices (Breezhaler, Ellipta, Genuair, or Respimat) on a daily basis (maintenance therapy), and must have not participated in any primary market research study on breathing problems within the 3 months prior to the survey. Patients were primarily selected upon physician referral, patientreported diagnosis, and experience with the inhaler devices included in this study. There was a limit on patient numbers for each device per country.
Patient-reported data on correct inhaler use (training and checks for correct use), inhalation technique, and device attributes (ease of use and confidence of inhaling full dose), and adherence and dosing accuracy data were collected. Key assessments used in the REAL survey are shown in Table 1 . Demonstration of patient training was either in-person training by a HCP or by a virtual video presentation. All adverse events in relation to usage of Novartis' Breezhaler device were reported within 24 hours to the respective country-specific Novartis drug safety departments (data on file). Significance testing was conducted using a χ 2 test for comparisons of proportions applying a z-test. Significance levels were set at α,0.05.
Results
A total of 764 patients (Breezhaler =186; Ellipta =191; Genuair =194; Respimat =201) with mild to very severe COPD, with a mean ± SD age 56±9.8 years, completed the survey; 51% and 49% of patients were male and female, respectively. The majority of patients (55%) reported moderate COPD severity with a mean time since diagnosis of 4.7±5.2 years; 68% of patients were diagnosed by a pulmonologist.
Patient demographics are shown in Table 2 . No significant differences were observed between devices and disease severity. The majority of patients had used the device for more than a year ( Figure 1 ). There was no significant difference in length of use between devices.
The patient population for the older than 65 years group was smaller (N=163) than the 65 years and under (N=601) group. Younger patients were significantly more likely to have mild and moderate disease compared to older patients (Table 3) . Patient COPD severity tended to increase from each increasing age group.
Patient self-reported adherence is shown in Table 4 . Patient adherence was significantly lower in patients aged 65 years compared to patients aged 65 years (p=0.020). No significant difference in adherence was observed between genders, disease severity or time since diagnosis. No significant difference in confidence of inhaling full dose was observed for gender, age, disease severity, or time since diagnosis.
Influence of training is shown in Table 5 . Trained respondents were significantly more confident that the correct dose was taken. Approximately 30% of all patients reported not having received any training on inhaler use. Of the 70% of patients that received training, the most common patient preference for training was demonstration of inhaler use (83%) followed by video (58%), instructions for use (51%), and leaflet (34%) (Figure 2 ). Adherent patients were significantly more often trained with a demonstration than nonadherent patients (p=0.037). Adherent patients were significantly more often trained by a pulmonologist than nonadherent patients (p=0.001).
Training was mainly performed by pulmonologists (41.3%), pharmacists (20.2%), nurses (18.1%), general physicians (12.0%), or others (8.4%) ( Figure S1 ). Pulmonologists who diagnosed a patient as having COPD were most likely to train the patients themselves, whereas general physicians who diagnose the patient were more likely to delegate training to pulmonologists, pharmacists, and nurses. Figure 2 shows that 83% of patients indicated demonstration was "very helpful" versus 58% for video. Patient preferences 
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Price et al ( Figure 2 ) for training methods were demonstration of inhaler use (83%) followed by video (58%), instructions for use (51%), and leaflet (34%).
Twenty-nine percent (29%) of patients had not been checked to see if they were using their device correctly within the last 2 years. Patients who were checked were significantly more adherent than unchecked patients (p=0.020). Patients who were checked for inhaler technique felt more confident that they received the full dose compared to those who were unchecked. Potential medication errors were identified as repeating dose (overdosing with Genuair and Ellipta) when not confident, or incorrect dosing (eg, underdosing with Respimat). Checked patients also felt more confident that they received the full dose compared to those who were unchecked (Table 6) .
Patient-reported inhaler treatment adherence in the last 30 days was highest with Breezhaler followed by Respimat, Ellipta, and Genuair ( Figure 3 ). Patient-reported inhaler treatment adherence was significantly higher with Breezhaler (90%) versus Ellipta (65%) (p=0.001). Significantly more patients felt confident or very confident of having taken their full dose of medication with Breezhaler versus patients using Ellipta (p=0.001) or patients using Respimat (p=0.001) ( Table 7) . Ninety-three percent felt confident or very confident of having taken the full dose with Breezhaler, and this was more than any that reported for any other device (Table 7) . Most patients reported being confident (34%-54%) or very confident (24%-59%) of having taken the full dose (Table 7) . Of the patients who did not feel confident, more patients reported overdosing with Genuair, Ellipta, and Respimat (33.2%, 29.4%, and 21.4%, respectively). Only few patients reported overdosing using Breezhaler (4.4%) ( Table 7 ). The majority of patients had correct dosing of their COPD medication (Figure 4 ).
Discussion
The REAL survey was a computer-assisted, telephonic survey in COPD patients which gathered real-world information on correct inhaler use, inhalation technique, and device attributes, as well as adherence and dosing accuracy, training, correct device use, ease of use, and factors that influence patient adherence in commercially available inhalers delivering COPD maintenance therapy via the Breezhaler, Ellipta, Genuair, and Respimat devices.
Disease severity was similar across patients utilizing different devices. Severity of disease was significantly different with respect to age; older patients were more likely to have greater disease severity. Patients with mild disease were primarily younger, while those with severe to very severe disease were predominately older.
Patient-reported inhaler treatment adherence in the last 30 days was highest with Breezhaler followed by Respimat, Ellipta, and Genuair. Adherence was lower in younger patients compared to older patients. This may be due to milder disease severity in younger patients. Patients with milder disease may not see the need to regularly take their prescribed medication as they may believe that their symptoms are not serious or their condition is controlled. Gender, disease severity, or time since diagnosis did not influence adherence. Patient-reported inhaler treatment adherence was highest with Breezhaler followed by Respimat, Ellipta, and Genuair.
Training is integral to effective device use and subsequent disease control. Misuse of inhalers has been linked to poor disease control. 17 COPD guidelines recommend that inhaler training should be continually assessed at subsequent clinic visits. Where necessary, retraining should be provided. 16 The benefits of training were demonstrated in this study, where training with a demonstration was common among 
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Price et al adherent patients. These patients were more often trained by a pulmonologist. General practitioners who diagnose the patient were more likely to delegate training to pulmonologists, pharmacists, and nurses. Gender, age, disease severity, or time since diagnosis were not factors that influenced correct dosing. However, trained patients were more confident that the correct dose was taken. When patients did not feel confident of having received the full dose, they reported having inhaled another dose at the same time or at a later time (overdosing). The majority of patients were more confident of having taken their full dose of medication with Breezhaler versus Ellipta, Genuair, or Respimat. Patients who were checked for correct device usage were more adherent than unchecked patients. These checked patients also felt more confident that they received the full dose. Evidence suggests that patients prefer inhalers that provide feedback on dose administration and find such devices easy to use (patients are more likely to adhere to the prescribed treatment when they use such an inhaler). 17 Adherent patients were more compliant when their inhaler technique was checked compared to unchecked patients. Inhaler use has been frequently reported as suboptimal. 19 Drivers of adherence are paramount to COPD disease management. Inhalers are the key route of administration. Checking of inhaler use contributes toward optimal and correct inhaler use.
HCPs should be aware of predictive factors for patient adherence including patient age. Younger patients are significantly less compliant with milder disease severity. Patients should be trained to use their inhalers correctly by HCPs using effective training methods so as to achieve the full benefit of inhaled therapy. Correct inhaler technique should be assessed at subsequent follow-ups. HCPs should be aware that individual device attributes may influence patient adherence and confidence of dosage. Many patients with COPD achieve incomplete benefit from their treatment, due to inadequate device training or incorrect inhaler technique. Inhaler overuse and underuse are the most common forms of nonadherence. Overall, this leads to inhaler use errors and may negatively impact treatment adherence. This survey shows low incidence of training or monitoring (by HCPs) for correct inhaler use.
Devices that provide low confidence of having inhaled the full dose may result in underuse or overuse of medication, which may also impact efficacy and/or safety outcomes in patients. Thus, there is a need for enhancing the HCP-patient interaction through effective training programs. Considering that patients with COPD self-administer their medication, these insights should be considered for successful management of COPD.
Limitations of the survey were that measures of patient adherence were based on patient report. Additionally, there may have been possible selection bias and recall bias. The survey was also not a randomized trial and reflected realworld experience. 
Conclusion
The results presented are of significant importance as device attributes that lead to confidence of full dose received may improve treatment adherence by reducing the risk of overdosing or underdosing drug administration in patients.
Further investigation into the factors of medication errors is still required. Inhalers play a crucial role in the effective management of patients with COPD; it is therefore important that patients have full confidence in the use of their inhaler.
